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A B S T R A C T
The most ideal conditions for the adsorption of Ni (II) and Cd (II) ions onto modified plan-
tain peel (MPP) from aqueous solution were investigated. The effects of three adsorption
variables (pH, MPP dose and initial adsorbate concentration) were studied using central com-
posite design (CCD), a subset of response surface methodology (RSM). Quadratic models were
developed for both Ni (II) and Cd (II) percentage removals. The prime adsorption condi-
tions obtained were pH of 4.36, MPP dose of 0.82 g and initial concentration of 120 mg/L with
desirability of 1.00 which gave good monolayer adsorption capacities of 77.52 and 70.92 mg/g
for Ni (II) and Cd (II) respectively. The adsorption data were modelled using Langmuir and
Freundlich adsorption isotherms; the equilibrium adsorption of both Ni (II) and Cd (II) on
MPP obeyed Langmuir model, and pseudo-second-order kinetics was the order that best de-
scribed the two adsorption processes.
© 2016 Beni-Suef University. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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1. Introduction
Air, food, soil and water were narrated to be the media
where heavy metals such as copper, cadmium, nickel, lead,
and zinc are introduced into the environment (Garba et al.,
2015c; Sadaf et al., 2015). These heavy metals are reported
to be hazardous resulting in damage to ecosystems as well
as human health (Ozdes et al., 2009; Tuzen et al., 2009)
especially if their concentration is more than the accepted
limit (Alslaibi et al., 2013). Their main sources include waste-
water discharged from hospitals (Verlicchi et al., 2010), different
industries such as Cd–Ni battery, metal plating and alloy
manufacturing (Khavidaki and Aghaie, 2013; Kobya et al.,
2005; Krishnan et al., 2011; Kula et al., 2008). Presence of
these metals in waste stream and ground water is a very
serious environmental concern since these metal ions are
toxic to various life forms; therefore, removing them as well
as controlling their levels in waste waters is very crucial
(Serencam et al., 2008).
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Chemical precipitation, ion exchange, electrodialysis, solvent
extraction, coagulation, evaporation and adsorption are among
the most prevalent technologies for the removal of metal ions
from aqueous solutions (Garba and Afidah, 2014; Garba et al.,
2014, 2015b; Mohammadi et al., 2015; Mohan et al., 2008; Mondal
et al., 2015), with adsorption being themost widely usedmethod
for removing contaminants from wastewater (Farghali et al.,
2013; Garba et al., 2015a). Sorption methods are considered flex-
ible and easy to operate with much less sludge disposal
problems (Cao et al., 2014; Mohammadi et al., 2015).
Various adsorbents were narrated in the literature for the
removal of heavy metal ions; however, new adsorbents with
local availability, high adsorption capacity as well as eco-
nomic suitability are still needed. This prompted many
researchers into investigating cheaper substitutes such as zeo-
lites, silica gel, chitosan, clay materials and agricultural wastes
(Mekatel et al., 2015; Shirzad-Siboni et al., 2015; Tsai et al., 1998).
Response surface methodology (RSM) is a mathematical model
that was reported to be a very useful tool in optimizing the
preparation conditions of activated carbons (Garba and Afidah,
2015), but not much was reported on its application in opti-
mizing adsorption process parameters.
Therefore, the innovative aspect of this research is to op-
timize the paramount parameters for an effective adsorption
of Ni (II) and Cd (II) from an aqueous solution using CCD. CCD
was chosen to evaluate the interaction of the most crucial ad-
sorption parameters such as pH, MPP dose as well as initial
concentrations.
2. Materials and methods
2.1. Reagents
All the chemicals used in this work were of analytical reagent
grade purchased from Sigma-Aldrich and Merck (Darmstadt,
Germany); they were used without any further purification. All
the glassware used was washed and rinsed several times. Nickel
and cadmium solutions and standards were prepared by using
analytical grade nickel chloride (NiCl2·6H2O) and cadmium chlo-
ride (CdCl2) with distilled water.The solutions of Ni (II) and Cd
(II) were prepared from stock solutions containing 1000 mg/L
of Ni (II) and Cd(II), respectively.
2.2. Preparation of adsorbent material
Plantain peels used in this study were collected from local food
sellers, restaurants and eateries around Samaru and Sabon Gari
Local Government of Kaduna state, Nigeria.They were washed
and sun dried for 7 days. The dried plantain peels were then
crushed into smaller particles in a mortar and sieved with
150 μm sieve until a reasonable quantity of that particle size
is obtained, followed by repeated washing to eliminate dust
and other impurities. It was then dried in an oven at 25 °C for
about 48 h after which it was stored in sterilized closed glass
bottles prior to use as an adsorbent. The powdered plantain
peels were thenmodified by immersing in 5% solution of NaOH
and autoclaved at 121 °C for 15 min at 10 psi. After keeping at
25 °C for 48 h, it was filtered and washed many times with dis-
tilled water until clear water with neutral pH was obtained
(Ashrafi et al., 2014). Then, the modified plantain peel (MPP)
was dried at 25 °C for 48 h.The MPP was applied for all the ad-
sorption experiments.
2.3. Metal ions adsorption experiments
In order to study and evaluate the significance of variables on
the percentage removal of Ni (II) and Cd (II), the adsorption ex-
periments were carried out using a batch procedure by shaking
100 mL of the metal ions solutions in a 250 mL Erlenmeyer flask
according to the pH, MPP dose and initial concentration as
shown in Table 1. The coded points and their corresponding
values are presented in Table 2. During the adsorption process,
the flasks were agitated on a mechanical shaker at 150 rpm.
The aqueous samples were analysed using an inductively
coupled plasma-atomic emission spectrometer. The adsorp-
tion efficiencies were evaluated using the following equation:
Adsorption efficiency
Co
%( ) = − ×C Co e 100 (1)
where Co and Ce are the liquid-phase concentrations at initial
and equilibrium states (mg/L), respectively.
The equilibrium amounts qe (mg/g) adsorbed per unit mass
of adsorbent were evaluated using Equation (2):
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where qe (mg/g) is the equilibrium amount of the metal ions
adsorbed per unit mass of MPP; V (L) is the volume of the so-
lution and W (g) is the mass of MPP used.
The kinetic tests were identical to those of equilibrium.The
aqueous samples were taken at preset time intervals and the
metal ions concentrations were measured. The amount ad-
sorbed at time t, qt (mg/g) was calculated using Equation (3):
q
C C V
W
t
o t
=
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(3)
where Co and Ct (mg/L) are the liquid-phase concentration at
the initial and any time t, respectively.
2.4. Adsorption isotherms and kinetic models
2.4.1. Adsorption isotherm
The equilibrium characteristics of this adsorption study were
described through Langmuir (Lang) and Freundlich (Freund).
Langmodel presumesmonolayer adsorption onto a surface con-
taining finite number of adsorption sites (Langmuir, 1916). Its
linear form is given as:
C
q K Q
C
Q
e
e L a
e
a
=
⋅
+
1
0 0 (4)
Qa0 mg g( ) and KL (L/mg) are Lang constants related to ad-
sorption capacity and rate of adsorption, respectively.
The essential characteristics of Lang model can be de-
scribed by dimensionless separation factor, RL, given as:
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where Co is the highest initial solute concentration. RL
values indicate whether the adsorption is unfavourable
(RL > 1), linear (RL = 1), favourable (0 < RL < 1), or irreversible
(RL = 0).
Freund model on the other hand assumes heterogeneous
surface energies. Its linear form is given by the following equa-
tion (Freundlich, 1906):
log log logq K
n
Ce F e= +
1
(6)
where KF and n are Freund constants. Generally, n > 1 sug-
gests favourable adsorption. It has also been used to evaluate
whether the adsorption process is physical (n > 1), chemical
(n < 1) or linear (n = 1) (Martins et al., 2015).
2.4.2. Kinetic models
The kinetic data were fitted using the pseudo-first-order and
pseudo-second-order models. The rate constant of adsorp-
tion is determined from the pseudo-first-order equation given
as (Lagergren and Svenska, 1898):
log log
.
q q q
k
te t e−( ) = − 1
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(7)
where qe and qt are the amount of metal ions adsorbed (mg/
g) at equilibrium and at time t (h), respectively while k1 is the
adsorption rate constant (h−1). The pseudo-second-order equa-
tion based on equilibrium adsorption is expressed as (Ho and
Mckay, 1998):
t
q k q q
t
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2
2 (8)
where k2 (g/mgh) is the rate constant of second-order
adsorption.
As the pseudo-first-order and pseudo-second-order kinetic
models could not identify the sorption mechanism, the kinetic
results were further analysed for the diffusion mechanism by
applying the intraparticle diffusion model.The intraparticle dif-
fusion equation is expressed as (Weber and Morris, 1963):
q k t Ct ip= +0 5. (9)
where kip is rate constant of the intra-particle diffusion equa-
tion and C gives information about the boundary layer
thickness: larger value of C is associated with the boundary
layer diffusion effect. If the adsorption process follows the
intraparticle diffusion model, then qt versus t0.5 will be linear;
if the plot passes through the origin, then intraparticle diffu-
sion is the sole rate limiting step. Otherwise, some other
mechanism along with intraparticle diffusion is also in-
volved (Tan et al., 2009).
Table 1 – Experimental design matrix using central composite design.
Run Level Ni (II) and Cd (II) adsorption variables Ni (II) removal Cd (II) removal
pH Adsorbent
dosage (g)
Initial concentration
(mg/L)
YNi (%) YCd (%)
1 −1 −1 −1 4.00 0.30 50 42.73 24.27
2 +1 −1 −1 10.00 0.30 50 44.67 21.16
3 −1 +1 −1 4.00 0.80 50 94.28 96.71
4 +1 +1 −1 10.00 0.80 50 89.64 57.57
5 −1 −1 +1 4.00 0.30 125 42.88 37.38
6 +1 −1 +1 10.00 0.30 125 40.63 13.93
7 −1 +1 +1 4.00 0.80 125 99.04 98.80
8 +1 +1 +1 10.00 0.80 125 99.79 48.30
9 −1.682 0 0 2.00 0.60 88 65.53 99.43
10 +1.682 0 0 12.00 0.60 88 34.68 10.44
11 0 −1.682 0 7.00 0.10 88 22.46 17.76
12 0 +1.682 0 7.00 1.00 88 92.35 98.55
13 0 0 −1.682 7.00 0.60 25 61.07 89.77
14 0 0 +1.682 7.00 0.60 150 73.48 98.82
15 0 0 0 7.00 0.60 88 76.71 82.65
16 0 0 0 7.00 0.60 88 83.12 79.66
17 0 0 0 7.00 0.60 88 79.15 85.11
18 0 0 0 7.00 0.60 88 85.61 82.31
19 0 0 0 7.00 0.60 88 81.07 83.32
20 0 0 0 7.00 0.60 88 85.72 85.14
Table 2 – Independent variables and their coded levels using central composite design.
Variables Code Unit Coded variable levels
−α −1 0 +1 +α
pH x1 – 2 4 7 10 12
Adsorbent dosage x2 g 0.10 0.30 0.6 0.80 1.00
Initial concentration x3 mg/L 25 50 88 125 150
172 b en i - s u e f un i v e r s i t y j o u rna l o f b a s i c and a p p l i e d s c i e n c e s 5 ( 2 0 1 6 ) 1 7 0 – 1 7 9
2.5. Design of experiments using response surface
methodology (RSM)
In this work, a standard RSM design known as central com-
posite design (CCD) was applied to study the Ni (II) and Cd (II)
adsorption parameters (pH,MPP dose and initial adsorbate con-
centrations). The detailed CCD process was described in our
previously published paper (Garba and Afidah, 2014). Design
expert statistical software (version 6.0.8, Stat-Ease, Inc., Min-
neapolis, MN, USA) was used for the model fitting and
significance for the Ni (II) and Cd (II) adsorption efficiencies.
3. Results and discussion
3.1. Development of regression model equations using
CCD
The design matrix comprising the preparation variables, their
ranges and the responses (YNi and YCd) respectively were dis-
played in Table 2. In order to compare and correlate the
responses, CCD was applied for the development of the poly-
nomial regression equations which were all quadratic
expressions as suggested by the software. The model expres-
sion was selected in accordance with sequential model sum
of square that is based on the polynomial’s highest order where
the model was not aliased and the additional terms were sig-
nificant (Sahu et al., 2010).
The correlation between predicted and experimental data
was blatant as shown by the model’s R2 values of 0.9448 for
Ni (II) and 0.9383 for Cd (II) which were within desirability range
(Gómez Pacheco et al., 2012).The final empirical model’s equa-
tions for percentage removal of both Ni (II) (YNi) and Cd (II) (YCd)
responses are given as Equations 10 and 11 respectively.
Y x x x x x xNi = + + + − − −
−
86 37 8 31 9 84 9 96 1 37 3 65 4 79
6 6
1 2 3 1
2
2
2
3
2. . . . . . .
. 4 5 76 4 621 2 1 3 2 3x x x x x x− −. .
(10)
Y x x x x x xCd = + + + − − +
−
83 96 9 24 15 51 3 21 0 28 7 30 0 90
11
1 2 3 1
2
2
2
3
2. . . . . . .
. . .95 3 37 6 061 2 1 3 2 3x x x x x x− −
(11)
The positive and negative signs before the terms indicate
synergetic and antagonistic effect of the respective variables
(Garba and Afidah, 2014). The appearance of a single variable
in a term signified a uni-factor effect; two variables imply a
double factor effect and a second order term of variable ap-
pearance indicate the quadratic effect (Ahmad and Alrozi, 2010).
The Ni (II) and Cd (II) percentage removals range from 22.46
to 99.79% and from 10.44 to 99.43% respectively; these can be
found on the total experimental design matrix, and the values
of the responses obtained are presented in Table 1. Quadratic
model was used as selected by the software for the two re-
sponses. The six replicate variables at the centre points, run
15–20, were conducted to determine the experimental error and
the reproducibility of the data.
3.2. Statistical analysis
In order to evaluate the individual, interaction as well as qua-
dratic effects of the variables influencing the removal efficiency
of both Ni (II) and Cd (II), analysis of variance (ANOVA) was per-
formed. The sum of squares and mean square of each factor,
F-value as well as Prob. > F values are shown in Table 3 for both
Ni (II) and Cd (II) percentage removals. ANOVA validated the
importance and adequacy of the models. From Table 3, divid-
ing the sum of the squares of each of the variation sources,
the model and the error variance by the respective degrees of
freedom gives the mean square values.The model terms with
value of Prob.>F less than 0.05 are considered as significant
(Ahmad and Alrozi, 2010).
With respect to Ni (II) percentage removal from Table 3, it
can be seen that the model F-value is 19.00 and Prob. > F of
<0.0001 signifies the model’s significance.The significant model
terms were x x x x1 2 3 22, , , , x x x x x and x x32 1 2 1 3 2 3, , with only x12 in-
significant to the response. Still from Table 3, F-value of 16.91
as well as Prob.>F of <0.0001 indicated that the model was also
significant. In this case x x x x x and x x1 2 22 1 2 2 3, , , were the sig-
nificant model terms with the insignificant terms being
x x x and x x3 12 32 2 3, , . From the statistical results obtained, it can
be seen that the models were suitable in predicting both Ni
(II) and Cd (II) removals within the range of the studied vari-
ables. Additionally, Fig. 1(a) and (b) shows the predicted values
versus the experimental values for Ni (II) and Cd (II) remov-
als respectively, portraying that the developed models
successfully captured the relation between the adsorption
process variables and the responses.
3.3. Individual and interaction effects of the variables
From Table 3, it can be observed that the individual effects in-
flicted by initial concentration and MPP dose on Ni (II)
percentage removal were superior with the highest F-values
of 49.61 and 45.03 respectively, whereas pH effect was infe-
rior on this response with F-value of 34.50.The quadratic effect
of solution pHwasmore pronounced with F-value of 12.11 while
that of MPP dose and initial concentration were low with
F-values of 6.43 and 0.99 respectively. The interaction effects
between pH–MPP dose and that of pH–initial concentration were
analogous with F-values of 11.67 and 10.08 respectively, while
that of interaction between MPP dose–initial concentration was
less significant with F-value of 5.66. Fig. 2(a) and (b) showed
the 3D response surface plots for the studied variables, with
Fig. 2(a) demonstrating the effect of pH and MPP dose with
initial concentration fixed at zero level (Co = 88 mg/L), whereas
Fig. 2(b) demonstrates the effect of pH and initial concentra-
tion with MPP dose fixed at zero level (W = 0.6 g), on the same
response (YNi). From both figures, the percentage Ni removal
can be seen to increase with upsurge in all the studied vari-
ables. Also from Table 3, the three variables (pH, MPP dose and
initial concentrations) had uneven impact on the Cd (II) per-
centage removal. Initial concentration had the least effect as
its F-value was smaller and also its variation did not have a
significant effect on the process. The individual factors of pH
and MPP dose as well as their interactions had the most sig-
nificant effect on the Cd (II) adsorption as can be seen by their
largest F-values as shown in Table 3. The F-values for pH (x1),
MPP dose (x2) and initial concentration (x3) were 27.17, 71.15
and 3.28 respectively. The 3-D surface response analysis of pH
and MPP dose interaction effect when the initial concentra-
tion was fixed (Co = 88 mg/L) and that of MPP dose and initial
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concentration when pH was fixed (pH = 7) for Cd (II) adsorp-
tion are shown in Fig. 3(a) and (b) respectively. Increase in pH
and MPP dose was proportional to high adsorption of Cd (II).
3.4. Process optimization
The optimization of Ni (II) and Cd (II) adsorption ontoMPPwas
carried out by a multiple response method called the function
of desirability, which was applied using design-expert soft-
ware (Stat-Ease, Inc.,Minneapolis,MN,USA). In the optimization
analysis, the target criterion was set as maximum values for
the two responses. The optimum adsorption conditions ob-
tainedwere initial concentration of 120 mg/L,MPP dose of 0.82 g
at pH of 4.36 with desirability of 1.00. At the optimum condi-
tions, the Ni (II) and Cd (II) removals were found to be 94.88%
and 94.82%, respectively.However, the experimental values ob-
tained at optimum conditions for Ni (II) and Cd (II) removals
were 93.05% and 94.21% respectively, showing good agree-
ment between the experimental values and those predicted
from the models, with relatively small errors which were only
1.83 and 0.61, respectively for Ni (II) and Cd (II) adsorption.
Mohammadi et al. (2015) reported in their work a pH of 5.5
as the optimum pH for the adsorption of Ni (II) and Cd (II) onto
dolomite powder, observing the appearance of a metal pre-
cipitation at a pH greater than 6 (Mohammadi et al., 2015).
Alslaibi et al. (2013) and Subbaiah et al. (2011) also reported
optimum pH of 5 in their work of Cd (II) adsorption onto ac-
tivated carbon from olive stone (Alslaibi et al., 2013) as well
as its biosorption by fungus (Trametes versicolor) biomass
(Subbaiah et al., 2011). Gutha et al. (2015) also observe no ap-
preciable increase in the percentage removal of Ni (II) onto
tomato leaf powder at a pH and adsorbent dose greater than
5.5 and 0.4 g respectively, revealing them as the optimum ad-
sorption conditions (Gutha et al., 2015).
Table 3 – The ANOVA for response surface quadratic model of Ni (II) and Cd (II) adsorption by MPP.
Source Sum of squares Degree of freedom Mean square F value Prob > F
Ni (II)
Model 4666.51 9 518.50 19.00 <0.0001
x1 941.57 1 941.57 34.50 0.0002
x2 1228.90 1 1228.90 45.03 <0.0001
x3 1353.65 1 1353.65 49.61 <0.0001
x12 27.14 1 27.14 0.99 0.3421
x22 175.36 1 175.36 6.43 0.0296
x32 330.50 1 330.50 12.11 0.0059
x1x2 318.57 1 318.57 11.67 0.0066
x1x3 275.04 1 275.04 10.08 0.0099
x2x3 154.32 1 154.32 5.66 0.0387
Residual 272.88 10 27.29 – –
Cd (II)
Model 6531.18 9 725.69 16.91 <0.0001
x1 1166.43 1 1166.43 27.17 0.0004
x2 3054.34 1 3054.34 71.15 <0.0001
x3 140.92 1 140.92 3.28 0.1001
x12 1.13 1 1.13 0.026 0.8744
x22 701.75 1 701.75 16.35 0.0023
x32 11.68 1 11.68 0.27 0.6133
x1x2 1031.63 1 1031.63 24.03 0.0006
x1x3 93.98 1 93.98 2.19 0.1698
x2x3 265.52 1 265.52 6.19 0.0322
Residual 429.29 10 42.93 – –
Fig. 1 – Relationship between predicted and experimental
data for (a) Ni (II) removal; for (b) Cd (II) removal.
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3.5. Adsorption isotherm
To select the best fitted model for the experimental data, chi
square (χ2) was incorporated since correlation coefficient (R2)
may not justify the basis for selection of the best adsorption
model because it only represents the fit between experimen-
tal data and linearized forms of the isotherm equations while
chi square (χ2) represents the fit between the experimental and
the predicted values of the adsorption capacity. The lower the
χ2 value, the better the fit.
Table 4 summarizes all the constants; R2 and χ2 values ob-
tained from the isothermmodels applied for the twometal ions
adsorption on MPP. The Qa0 values obtained for Ni (II) and Cd
(II) from the linear Langmuir plot (Fig. 4a) were 77.52 and
70.92 mg/g respectively. According to the fitting results listed
in Table 4, Langmuir isothermmodel appeared to bemuchmore
applicable than the Freundlich having the highest R2 as well
as lowest χ2 values. The fitness of the Langmuir model to the
adsorption process connotes that the metal ion molecules from
bulk solution were adsorbed on specific monolayer which is
homogeneous in nature. As can also be seen from Table 4, all
the RL values lie between 0 and 1 which confirms the adsorp-
tion processes to be favourable under the studied conditions.
The n values obtained from the Freundlich plot (Fig. 4b) were
Fig. 2 – Three-dimensional response surface plot (a) demonstrating the effect of pH and MPP dose with initial concentration
fixed at zero level (Co = 88 mg/L); three-dimensional response surface plot (b) demonstrating the effect of pH and initial
concentration with MPP dose fixed at zero level (W = 0.6 g) for Ni (II).
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found to be greater than unity for the adsorbates, further in-
dicating favourable adsorption conditions as well as physical
adsorption processes for the twometal ions in aqueous solution.
Themonolayer adsorption capacity (Qa0) values of 77.52 mg/g
for Ni (II) and 70.92 mg/g for Cd (II) observed in this study com-
paredwell with some other adsorbents reported from literature
such as 5.41 mg/g from dolomite powder (Mohammadi et al.,
2015), 42.41 mg/g by modified chitosan (Cheng et al., 2014),
44.44 mg/g from Bacillus laterosporusMTC C 1628 (Kulkarni and
Shetty, 2014) and 58.82 mg/g from tomato leaf powder (Gutha
et al., 2015) for Ni (II) adsorption aswell as 11.72 mg/g using olive
stone activated carbon (Alslaibi et al., 2013), 1.62 mg/g obtained
fromdolomite powder (Mohammadi et al., 2015), 18.34 mg/g ob-
tained using chemicallymodified onion skin (Agarry et al., 2015)
and 85.47 mg/g from B. laterosporus MTC C 1628 (Kulkarni and
Shetty, 2014) for the adsorption process of Cd (II).
3.6. Kinetic studies
The values of qe cal, k1, R2 and χ2 obtained from the plot of
pseudo-first-order and qecal, k2, R2 and χ2 obtained from the plot
of pseudo-second-order kinetic models for the two metal ions
Fig. 3 – Three-dimensional response surface plot (a) demonstrating the effect of pH and MPP dose with initial concentration
fixed at zero level (Co = 88 mg/L); three-dimensional response surface plot (b) demonstrating the effect of MPP dose and
initial concentration when pH was fixed (pH = 7) for Cd (II) removal.
176 b en i - s u e f un i v e r s i t y j o u rna l o f b a s i c and a p p l i e d s c i e n c e s 5 ( 2 0 1 6 ) 1 7 0 – 1 7 9
adsorption on the MPP were tabulated in Table 5. It can be seen
that the R2 values obtained from the pseudo-first-order model
did not show a consistent trend and also the experimental qe
(qe exp) values did not agree with the calculated values (qe cal)
obtained from the linear plot (Fig. 5a). This shows that ad-
sorption of the two metal ions onto MPP does not follow a
pseudo first-order kinetic model. However, all the R2 values ob-
tained from the pseudo-second-ordermodel were closer to unity
with good agreement between the experimental and the cal-
culated qe values obtained from the linear plot (Fig. 5b), further
Table 4 – Langmuir and Freundlich isotherm models for
Ni (II) and Cd (II) adsorption onto MPP.
Isotherms Parameters Ni (II) Cd (II)
Langmuir Qa0 mg g( ) 77.52 70.92
KL (L/mg) 0.277 5.423
RL 0.023 0.001
R2 0.9658 0.9605
χ2 7.282 5.892
Freundlich KF (mg/g) (L/mg) 16.151 18.595
n 2.212 2.380
R2 0.9466 0.9544
χ2 13.961 16.141
Fig. 4 – (a) Langmuir isotherm and (b) Freundlich isotherm
plot of Ni (II) and Cd (II) on MPP.
Table 5 – Pseudo-first-order, pseudo-second-order equation and intraparticle diffusion model constants for Ni (II) and Cd
(II) adsorption onto MPP at 30 °C.
qe,exp
(mg/g)
Pseudo-first-order kinetic model Pseudo-second-order kinetic model Intraparticle diffusion model
k1 (1/h) qe,cal (mg/g) R2 χ2 k2 (g/mg h) qe,cal (mg/g) R2 χ2 kp2 (mg/g h1/2) C2 (R2)2
Ni (II) 80.01 0.531 61.46 0.948 5.599 0.016 82.64 0.999 0.084 39.43 3.67 0.944
Cd (II) 84.66 1.135 68.56 0.997 3.781 0.020 97.08 0.999 1.589 44.87 13.13 0.919
Fig. 5 – (a) Pseudo-first-order kinetic, (b) pseudo-second-
order kinetic, and (c) intraparticle diffusion plots for the
adsorption of Ni (II) and Cd (II) on MPP.
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confirming that the adsorption of the two metal ions on MPP
fitted well into the pseudo-second-order model.
The values of kpi, Ci as well as the correlation coefficients,
R2, obtained from the intra particle plot (Fig. 5c) are also given
in Table 5. Higher diffusion rate constant for Cd (II) can be ob-
served from the table, indicating that the diffusion of Cd (II)
was more rapid than that of Ni (II). It can also be observed from
Fig. 5(c) that the linear lines of the plot for both adsorbates did
not pass through the origin which suggested the presence of
intraparticle diffusion but was not the only rate controlling step,
some other rate controlling steps might be involved in the
process (Garba et al., 2014).
4. Conclusion
Three adsorption parameters were optimized with the help of
CCD, a subset of RSM for the adsorption of two heavy metal
ions onto modified plantain peel (MPP) with their percentage
removals (YNi andYCd) as the analysis responses. Based on the
results obtained, the three factors (pH, MPP dose and initial
concentration) have varying impacts on the adsorption pro-
cesses with MPP dose and initial concentration posing
analogous influence on the Ni (II) adsorption while MPP had
the greatest effect on Cd (II) adsorption. Highest removal per-
centage of the adsorbates was obtained at the optimum
conditions of pH (4.36), MPP dose (0.82 g) and initial concen-
tration (120 mg/L) with desirability of 1.00. Equilibrium and
kinetic data analysed show Langmuir and pseudo-second-
order to be the best fitted models respectively. Presence of
intraparticle diffusion was also suggested to be involved in
the adsorption process along with some other rate control-
ling steps.
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